Background: Patient anxiety is an often overlooked complication of pleural diagnostic
Introduction
Pleural aspiration (diagnostic or therapeutic) and intercostal tube insertion are important diagnostic and therapeutic tools for the management of patients with pleural effusions. Commonly recognised complications of pleural procedures include pneumothorax, persistent air leak, reexpansion pulmonary oedema, intrapleural haemorrhage and malignant metastatic seeding. 1 However, an often overlooked complication of any invasive medical procedure, such as pleural procedures, is patient anxiety. 2 Anxiety may be related to the symptoms of an underlying disease, the uncertainty of diagnosis, fear that the procedure would be painful, and fear of the unknown or unexpected. 3, 4 A high level of anxiety may result in a more difficult procedure, an incomplete procedure and additional use of analgesic and/or sedative medication. 5 Reduction in state anxiety prior to and during an invasive medical procedure may help promote relaxation and possibly decrease the frequency of some complications during the procedure. Interestingly, other medical procedures such as gastroscopy, colonoscopy, cystoscopy, colposcopy and bronchoscopy have all been shown to be stressful for patients due to anxiety, discomfort and even a previous unpleasant experience. In order to decrease the level of pain associated with interventions such as pleural procedures, sedative and analgesic drugs are sometimes offered, although their use is associated with increased risk of complications. 18 Music has been acknowledged as a safe and effective non-pharmacological anxiolytic agent due to its effect on the perception of pain and anxiety reducing the regular pharmacological sedative doses. 19 A recent meta-analysis on the effect of music during endoscopy procedures has shown a beneficial effect of reducing anxiety and pain in patients undergoing endoscopy procedures, with a possible exception of patients undergoing colposcopy and bronchoscopy. 20 Yet within the realm of pleural procedures, patients' listening to music as an intervention to reduce pain and anxiety has not been examined. This study aims to evaluate whether listening to music during pleural procedures reduces patients' anxiety.
Methods

Study design and participants
The study was a prospective randomised controlled study performed at the Gold Coast University Hospital. Consecutive patients who were required to undergo a pleural procedure, specifically therapeutic pleural aspiration, intercostal chest tube insertion and tunnelled pleural catheter were considered for the study. Patients were excluded if they were below 18 years old, unable to provide written consent, they had impaired hearing, if the pleural procedure was being performed as a medical emergency, or if the procedure was performed on the weekend or outside of usual working hours (8 am-5 pm). All patients scheduled to undergo pleural procedures were given standardised written and verbal information about the pleural procedure and the research study. Consenting patients were randomised to either the music group or control (no music) group. Study participants were randomised based on the results of block randomisation, a method used in previous studies evaluating the benefits of music during procedures, 14,16 using a webbased sequence generator (https://www.randomizer.org). The study was registered on the Australian New Zealand Clinical Trials Registry (ACTRN12615001325594, www. anzctr.org.au). The Gold Coast Health Services District Human Research Ethics Committee approved the study (HREC/16/QGC/1).
Intervention
Potential study participants were invited to participate in the study. Written informed consent was obtained and randomisation was performed on consenting participants. Participants randomised to the music group were allowed to listen to music of their choice that was freely available on a popular video-sharing website and the music was delivered through a laptop computer. Participants listened to the music through ear-bud headphones and the music was played during the entire duration of the pleural procedure and for an additional 10 min before and 10 min after the pleural procedure. Local anaesthetic (lignocaine) was administered to all patients. At our institution the majority of ward-based pleural procedures are performed by advanced trainees (post-graduate year (PGY) 4+) in respiratory medicine or respiratory consultants. In instances where house officers (PGY 2-4) perform pleural procedures, it is mandatory that they be supervised by the advanced trainee and/or respiratory consultant.
Measurements
The primary outcome measure was change in anxiety post-procedure. The secondary outcome measures were changes in the heart rate, systolic and diastolic blood pressure before and after completion of the pleural procedure and duration of procedure (calculated from the time at which the patient was positioned for ultrasound to when dressings had been applied and the patient was able to move freely). Procedure-related anxiety was measured using the State-Trait Anxiety Inventory (STAI) 21 scale within 1 h before the pleural procedure and repeated again within 1 h after completing the pleural procedure. Instructions pertaining to this self-administered questionnaire were provided to each patient by a nurse specially trained in questionnaire administration. The state anxiety scale (state) consists of 20 questions that determine how the respondents 'feel right now'. The trait anxiety scale (trait) consists of 20 questions that assess how the respondents 'generally feel'. The pre-questionnaires were completed before the operator entered the room and the post-questionnaires completed after the operator left the room. The questionnaires were scored by adding the weighted 1-4 scores of each item using the directions and scoring key provided in the Manual for the State-Trait Inventory. The scores could vary from a minimum of 20 to a maximum of 80. At the end of the pleural procedure, patients were asked to rate their overall feelings of pain, satisfaction and willingness to undergo procedure using a visual analogue scale, similar to the scales used in previous studies evaluating the benefits of music during procedures. 11, 14 Complications of pleural procedures that were considered for the study included peri-or post-procedure vasovagal syncope, iatrogenic haemothorax and pneumothorax and pleural space infection.
Statistical analysis
All statistical analyses were performed using SPSS (Version 21, SPSS Inc., Chicago, IL, USA). Demographics and comparability of the treatment and control groups were assessed using the paired t-test for continuous variables and the χ 2 test for categorical variables. For interval-level assessments, the Mann-Whitney U test was used to assess differences between pre-and postpleural procedure STAI scores. Statistical significance was determined at the 0.05 level and confidence intervals (CIs) set at 95% probability. Power calculations performed to determine the minimum sample size for a set a (0.05) and standard deviation (SD) (set at 10.4, the SD for State Trait Anxiety Inventory-State scores of working adults). On the basis of our knowledge of the literature and of the STAI scale, we fixed a clinically significant difference in STAI scores at 5. Power calculations determined that a sample size of 60 patients would provide a power coefficient of 0.96.
Results
Contact was made with 94 eligible participants between April 2015 and July 2016 (Fig. 1) . After exclusions, randomisation was performed on 60 participants who provided written consent and were recruited to the study. Thirty participants were randomised to the music group and 30 participants to the control group. The characteristics of the study participants are presented in Table 1 . There were slightly more males (55%) in the control group, but the difference was not significant. Most patients were elderly with the mean age (AESD of the study cohort being 67 (AE14) years. About two-thirds of the participants had the pleural procedure performed on the right hemi-thorax. One-third of participants stated that they had undergone at least one or more pleural procedures previously. Inter-costal catheter insertion was the most common pleural procedure in this study accounting for approximately 75% of all the pleural procedures performed. Malignant pleural effusion (65%) was the most common indication for the procedure. No pleural procedure-related complications were noted in the study cohort and no procedures were prematurely aborted. Prior to performing the pleural procedure, there was no difference between the two groups in terms of state or trait anxiety scores and blood pressure. Procedure duration, pain scores and patient satisfaction with procedure were similar between the two groups ( Table 2) . Participants in the control group had slightly lower baseline pulse rate (85 bpm vs 95 bpm, P = 0.01). After the procedure was completed, participants in the music group had lower state anxiety scores compared to their pre-procedure scores (34 AE 11 vs 48 AE 13, P < 0.001) (Fig. 2A) . There was no significant difference in the control group (40 AE 11 vs 42 AE 11, P = 0.51) (Fig. 2B) . The pre-and post-procedure trait anxiety scores were not significantly different in both the music group and the control group P = 0.64) (Fig. S1 , Supporting information). Similarly, patients in the music group had lower post-procedure pulse rate (P = 0.04), systolic blood pressure (P = 0.02) and diastolic blood pressure (P = 0.01) (Fig. 3) compared to pre-procedure values. In the control (Fig. 3) .
Discussion
Anxiety is an under-recognised complication of invasive medical procedures, such as pleural procedures. In instances where a patient with a pleural effusion is undergoing the pleural procedure for both diagnostic and therapeutic purposes, there may also be anxiety about the underlying cause of the effusion. Heightened anxiety may translate to adverse physiological consequences, such as increased blood pressure and heart rate, high blood cortisol levels leading to slower wound healing, diminished immune response and increased risk of infection. 22 This study confirms that patients experience significant state anxiety prior to undergoing a pleural procedure. Prior research suggests that high levels of anxiety may have a significant impact on procedure outcomes in addition to the obvious impact of anxiety to the patient. 5 It is also intriguing that physicians and their assistants may not be very good at identifying the severity of anxiety and discomfort patients experience during procedures. 6, 23 A common approach to the management of procedurerelated anxiety is the administration of sedatives and analgesic medications. However, the use of these medications for alleviating anxiety in patients at risk of respiratory depression may be hazardous. 1 Similar concern in the peri-operative setting has prompted the search of nonpharmacological interventions to reduce anxiety. 24, 25 Provision of ambient music and music therapy (implemented by trained music therapists) are slowly gaining acceptance among healthcare professionals as a non-pharmacological anxiolytic intervention. 26 To date, there have been at least 4 (13) 5 (17) Undergone pleural procedures previously n (%)
7 (23) 15 ( four Cochrane systematic reviews that have found that music is effective in reducing anxiety in patients with coronary heart disease, 27 during mechanical ventilation, 28 in patients with malignancy 29 and during surgery. 30 Our study supports the use of music as adjunctive therapy in reducing anxiety in patients undergoing pleural procedures. Patients in the music group demonstrated a significant reduction in state anxiety at the conclusion of the pleural procedure. The baseline level of anxiety, as measured by trait anxiety, was similar in both groups and did not change after the procedure. Hence the two groups (music and control) were relatively matched in terms of predisposition to anxiety. The lack of any change in trait anxiety strengthens the inter-test validity of the STAI questionnaire. In addition to reductions in state anxiety, patients in the music group demonstrated significant reductions in physiological markers of pain and anxiety, including heart rate and blood pressure. There was no significant physiological change in the control group of patients. The reduction of state anxiety with music could be due to either a distraction from the potentially uncomfortable procedure to the more pleasant sensation of the music itself 31, 32 or through actions mediated through decreased activity of the sympathetic nervous system and/or release of endorphins. 33, 34 The addition of music to the performance of a pleural procedure did not result in any added procedure-related time. For any intervention this is an important finding. The relevance being that a simple intervention such as this, will only be accepted if it does not add to the workload of the proceduralist and assistant. For a change in practice to become widely accepted, it must be beneficial to patients but not at the expense of the healthcare staff caring for the patients.
Limitations of our study warrant further comment. In our study, the proceduralist could not be blinded to the intervention of music during the procedure. Our study design of using ear-bud headphones and laptop for streaming music made it impossible for the proceduralist to be blinded. However, we believe that we have minimised any potential bias by ensuring that the questionnaires were completed by patients when the proceduralist was not in the room. A possible concern regarding the provision of music during pleural procedures is the potential to impair communication between the medical team and the patient. We did not assess for this outcome, however anecdotally, clinicians performing the procedure did not report any impediments to communication in patients listening to music. Also, no complications were observed in any of the patients. It is nonetheless important to ensure that the sound level is such that the patient is able to hear the proceduralist or that an assistant is able to manipulate the headphones when required. Anxiety and pain was assessed prior to and at the conclusion of the pleural procedure. It was not possible to perform the STAI questionnaire during the procedure given the time required to complete the STAI and that this would distract from the intervention (i.e. music). It is therefore not possible to comment on the level of anxiety during the procedure itself. However, we believe that the post-procedure score is likely to be an accurate surrogate. Previous studies that evaluated music to reduce procedure-related anxiety have evaluated the option of either patient choice of music or investigator choice of music. [5] [6] [7] [8] [9] [10] [14] [15] [16] Interestingly, not all studies report that music reduces procedure-related anxiety among patients. A possible explanation probably relates to patient preference, that is, personal preference about music provides not only relaxation but also a sense of situational empowerment. In our study, patients randomised to the music intervention were able to choose their music genre. However, this may not be possible in other situations where internet connectivity is suboptimal and hence may reduce the widespread applicability of our study results. While the results of our study are interesting, they must be interpreted with caution until they are replicated and validated in a larger multi-centre study. Future research projects may also consider evaluating the impact of listening to music during pleural procedures on complication rates, impact on the workflow of physicians and nurses and an accurate cost-benefit analysis of music as a possible non-pharmacological anxiolytic.
Conclusion
The success of a pleural procedure is reliant on preprocedure planning, an adequately informed patient and operator experience. We demonstrate in this study that the addition of music is an effective adjunct to reduce patient anxiety, an often over-looked complication of invasive procedures. Recent technological advances have made vast catalogues of music easily and widely accessible further reducing the impediments for the provision of this non-pharmacological (possible) anxiolytic to all patients undergoing pleural procedures.
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